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Introduction 



Overview 

Maintaining interoperability among CSMA/CD-compatible LANs is becoming more 
complex. A variety of new incompatible speed, wiring, and feature options are on the 
horizon. Since a single RJ-45 connector is used as the common connection point for this 
rapidly growing set of networi< types, the need for a universal mechanism to exchange 
networl< capabilities between nodes is becoming Imperative. The industry must move 
quickly to standardize on an autodetection and configuration mechanism in the 802.3 
specification or sacrifice interoperability among the next generation of networking' 
solutions. 

Designed to manage interoperability in multi-functional LAN environments. National 
Semiconductor's NWay is a single "Way" for two stations with "N" different common 
modes of communication to establish a common mode of operation. At power-up, NWay 
automatically establishes a link that takes advantage of the highest common 
denominator of their mutual capabilities. Subsequently, NWa/s configuration signaling 
mechanism allows network managers to detect the entire range of remote capabilities. 

Proliferation of CSMA/CD-Compatible LANs 

In order to provide users with higher throughput, the Fast Ethernet Alliance has coupled 
ttie CSMA/CD Ethernet MAC with a 100 Mb/s physical layer. Two different 100 Mb/s 
technologies have been proposed: 100BASE-TX and 100BASE-T4. When both options 
are brought to market, interoperability issues will arise. These two Fast Ettiemet options 
utilize different transmission schemes and cabling: 100BASE-TX is based on two pair 
Category 5 UTP, STP and fiber optic media, while 100BASE-T4 is based on four pairs of 
Category 3, 4, and 5 UTP media. 



National Semiconductor 



April IS. 1994 



1 




FIGURE 1. Proliferation of CSMA/CWwsed LANs will spawn multi-function nodes. 

Future nodes will offer multiple configuration options, making the number of 
pemiutations quite large. For one. future LAN stations will need to provide 
interoperability with the installed base of IEEE 802.3 LANs. Vendors supporting both of 
the new Fast Ettiemet options have proposed multi-functional nodes ttiat are capable of 
supporting both 10 Mbit/s and 100 Mb/s speeds. 

These future 10/100BASE-TX and 10/100BASE-T4 multi-function cards will need an 
autodetect mechanism to allow them to Interoperate using tfieir common 10BASE-T 
mode. Vendors will likely offer single mode 100BASE-TX and 100BASE-T4 Network 
Interface Cards (NICs). as well as triple function 10/100BASE-TXn-4 boards to cover all 
bases. 

Adding to the complexity of the 802.3 environment, a host of Full Duplex Etfiemet 
products use existing cabling with a slight modification in MAC protocol to achieve a 
significant performance boost. Full Duplex operation is an option for both 10BASE-T and 
100BASE-TX connections. 
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The Interoperability Ctiallenge 

Without a standard autodetection and configuration method, manual configuration will be 
the rule. Once installed in the enclosure of a computer or a server, It will be difficult to 
track the capabilities of the multi-function cards manually. With the increasing 
proliferation of incompatible LAN options, chaos may ensue. Foremost, LAN installers 
face the peril of connecting a node with unknown capabilities to an incompatible network, 
which can result in a network crash. 

Since both hub and node products will support multiple network types, the challenge for 
Infonnation Sen/ices (IS) managers and end users alike is the need to remotely detect 
and arbitrate the type of communication that occurs as their network environment grows 
and changes. 



Autodetect Application Example 

An Ideal universal autodetection and configuration system must provide for the 
autoconfiguration of a link Into its highest common capability. The following figure 
illustrates the point: 



FIGURE 2. Autodetect is crucial In determining capabilities and configuring links 

In the network shown In Rgure 2, two different types of 10/100 Mb/s NICs are connected 
to a 10BASE-T hub. The link on the left could be configured In either 10BASE-T mode, or 
100BASE-T4 mode. The link on the right could be configured In either 10BASE-T mode, 
or 100BASE-TX mode. The autodetect mechanism establishes a 10BASE-T connection 




100BASE-T4 



10BASE-T 
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from the hub to both left and right nodes. This guarantees correct speed establishment 
- and proper connection for the system. 

The NWay Solution 

NWay is designed to provide both the automatic and manual configuration capabilities 
illustrated in the preceding example. 

Upon power up, an NWay capable hub can detect and automatically configure its ports to 
take maximum advantage of common modes of operation that exist, without user 
inten/ention or any prior knowledge of the capabilities of either station. In addition, NWay 
allows the network manager to reconfigure any pair of stations to any other common 
mode of operation that' exists as required. 

NWay provides a simple mechanism for point-to-point communication that Is efficient in 
terms of the amount of logic gates required. Regardless of the number of protocols 
supported, a total of 4 state machines, 6 timers, 3 counters, and some peripheral logic is 
needed. An analysis of the architecture shows that the design will require approximately 
400 ceils to implement. NWay has a simple architecture which allows easy 
implementation by silicon suppliers. It should be noted that this level of complexity 
remains fixed as new technologies emerge and the need to coexist with the growing 
installed based of RJ-45 LANs multiplies. 
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Criteria for Auto-Negotiation Standards 



The ideal auto-negotiation solution Is a universal method that passes infornfiation over a 
10BASE-T link, providing reliable negotiation and configuration of both ends of a point- 
to-point link between 10BASE-T and higher performance modes of operation for RJ-45 
LANs without disruption to the network. To accomplish this goal, the following criteria 
must be met. 

Remote Capability Detection & Auto-Configuration 

The major benefit of a universal remote auto-negotiation method is the ability to leverage 
the maximum resources of each node. The auto-negotiation protocol must allow the 
nodes to discover and acknowledge their mutual capabilities to establish a connection at 
the highest common denominator of functionality. 

Remote Capability Detection ensures that If a mode of interoperation exists, it can be 
discovered. Auto-Configuration ensures that the highest common denominator mode of 
interoperation is automatically selected and utilized. 

No Risk of Incompatibility with 10BASE-T 

As the lowest common denominator, the autodetection method must interoperate with 
10BASE-T networks. To ensure interoperability with 10BASE-T, the auto-negotiation 
method must allow easy connection to an existing 10BASE-T card if both nodes support 
10BASE-T. Othenwise, a node supporting auto-negotiation should do nothing that would 
bring down the 10BASE-T network or pollute MIB statistics. 

Cost Effective & Easy to Implement 

To minimize development/implementation costs, the complexity of the auto-negotiation 
mechanism must be low. The auto-negotlation mechanism must be silicon efficient by 
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;"o?ilJ!lHiT *° ^"'"'^ to products. Also, the gate 

count should not change dramatically with the addition of future supported technologies. 

Re-Negotiation 

At a niinimum. the autodetection mechanism must negotiate on power up or upon link 

LIh! J° °" ^"^^^^^ addition, with the 

wide vanety of possible products, a management function may have reasons to require a 

f ^^^"^ ^ ^ ""k. Thus. It is desirable that the 

autodetect protocol support renegotiation capability. 

Auto-Configuration Priority Scheme 

The priority scheme establishes a hierarchy that determines the connection type that is 
airtomatca^^y established when multiple possible connection types exist. This allows the 
link with the most desirable capabilities to be chosen. The configuration signaling 
scheme must also provide a method by which a node may establish a link at any lower 
pnonty level connection type that might be desired by a higher level management entity. 

Manual Override 

To accommodate interoperation with future products that choose not to implement the 
auto-negotiation scheme, a manual or network management switch must be able to 
overnde tfie auto-negotiation. 

Management 

other criteria have specified the need for management capabilities, but existence of a 
management agent is not required for the basic function of common mode discovery and 
configuration. ^ 

Remote Fault Sensing 

The auto-negotiation scheme should be able to detect that the far end cable connection 
IS not property connected. 

Extensibility 

With an ever growing diversity of LAN products that support 10BASE-T as the lowest 
common denominator, the ideal autodetect and configuration method must be 
National Semiconductor 



extensible, providing expansion for future CSMA/CD-compatible devices. Given the fast 
pace at which technology advances, future technologies should be able to leverage this 
communication scheme without being forced to design new schemes, which only lead to 
further interoperability problems. Therefore, the auto-negotiation architecture must not 
change as new LAN technology options are added. 

Compatibility w/ Standard Based Link Signaling Protocols 

The autodetect method must also permit standard-dependent link signaling protocols. 
Some technologies, such as 100BASE-T4 require their own link integrity schemes for 
technology-dependent reasons, thus need to co-exist with the auto-negotiation method. 

Arbitration Resolution 

The auto-negotiation mechanism should complete mode negotiation to achieve closure 
within a time which ensures that popular network protocol connections are not dropped. 
The worst case lOBASE-T Ethernet transmit time is 300ms. Therefore, in theory, the 
negotiation should complete in less than 300ms to ensure this goal. In practice, the 
upper bound may be slightly higher. 

Symmetry 

The auto-negotiation mechanism should operate symmetrically so that a single 
implementation can be used for any auto-negotiation capable device. This means no 
master/slave relationship will exist between the node and hub products supporting the 
auto-negotiation mechanism. 

Standard Across CSMA/CD 

The development of a standard auto-negotiation mechanism meeting the above criteria 
will ensure interoperability anrrang stations with common communication capabilities. 

While implementing such a new standard should be optional, the function should be 
standardized by the 802.3 for all RJ-45 CSMA/CD compliant devices that implement it to 
prevent interoperability problems from spreading. However, vendors of multi-function 
products that include a 10BASE-T mode ot operation are strongly encouraged to 
implement the standard auto-negotiation mechanism. 
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Non-Criteria for Autodetect Solutions 

While solutions to the auto-negotiation problem should be as extensible and flexible as 
possible, reasonable scope and bounds to the problem need to be set. As a result the 
following IS a summary of issues which will not necessarily be addressed by the auto- 
negotiation scheme. 

Flow Control 

Flow control implies a more real time mechanism than is required by the set of criteria 
As a result, no attempt should be made to complete signalling during a 10BASE-T IPG 
time. Flow control is a larger issue that needs to be addressed in the future, perhaps 
from a management perspective. 

UTP Cabling Identification 

The auto-negotiation mechanism need not attempt to discover which grade of UTP wire 
IS connected as part of the technology configuration decision logic. 

No AU I Operation 

The auto-negotiation mechanism is not required to support the AUI interface for MAU 
applications. 

No Fiber support 

The auto-negotiation mechanism, need not support the basic configuration operation 
over fiber optic cabling. . . » 
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Optimal End-to-Discovery 

The auto-negotiation mechanism need only configure the highest common denominator 
on a link by link basis. Optimizing the end-to-end highest common denominator between 
stations separated by multiple links need not be supported. 
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Why Link Based Solutions? 



To solve the auto-negotiation problem, a communication mechanism is required to 
transfer link state information such that the agents on each side of the link are configured 
into a consistent state. Since new technology products are also offering 10BASE-T, it 
makes sense to adapt a familiar portion of 10BASE-T to solve the auto-negotiation 
problem. 

One communication mechanism inherent to 10BASE-T is in-band data transfer. This 
method had been looked into by both the Fast Ethernet Alliance and the Full Duplex 
Consortium before these groups decided to focus on link pulse based, out-of-band 
solutions. In-band solutions imply that a common communication mechanism (i.e. 
10BASE-T implemented at least through the network layer of the OSI MODEL) exists 
which is not necessarily so. Also, there is a problem detecting hubs which support only 
10BASE-T between auto-negotiation capable nodes. That is, in-band solutions can 
communicate beyond the other end of a point-to-point link, potentially causing 
interoperability problems. This makes in-band data transfer solutions problematic and 
undesirable to implement. 

However, another communication mechanism inherent to 10BASE-T exists which 
indicates the state of Vne capabilities of a remote-node attached to tiie RJ-45: Link 
Pulses. Cun-entiy, there are two states tiie cable can indicate: Good Link or Link Fail. 
Good Link indicates that a remote 10BASE-T device is connected and has an active 
transceiver. Link Fail indicates that a remote 10BASE-T device is not available for 
communication. To solve the auto-negotiation problem, more states relative to the link 
are required. Now, the auto-negotiation capable device needs to encode further state 
information as to what type of transceiver is available and other configuration 
information. Consequentiy. it makes sense to use link pulses, the current mettiod of 
conveying link state Infomnation, to encode ttie new states. 

Using link pulses accommodates ttie two -most important criteria for the autodetect 
scheme: Interoperability with 10BASE-T and automatic configuration of a link wittiout 
dismption of tiie networic. A link pulse based autodetect scheme also allows an efficient 
implementation, based around tiie 10BASE-T physical layer, which does not require 
higher level OSI layer intervention. 

National Semiconductor 
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Introduction to NWay 



NWay Introduction 



NWay is an interoperability solution that addresses the need to automatically configure 
network nodes in heterogeneous, 10/100 Mb/s multi-function 802.3 LAN environments. 
With the introduction of two different 100 Mb/s PHYs that utilize the same RJ-45 
connector, CSMA/CD-based 802.3 LAN environments are becoming more complex. 
NWay provides the ability to manage this complexity by automatically setting up 
connections between any two nodes that share common network capabilities. 

NWay utilizes a simple, robust communications mechanism that allows a pair of nodes 
(node-to-node, node-to-hub, hub-to-hub) to leam and store each other's capabilities. 
This includes the exchange of LAN capability information Including the speeds, PHY 
types, and special features supported in a node. 

NWay is designed to provide the following basic autodetection and configuration 
capabilities: 

• Speed sensing between 10 and 100 Mb/s CSMA/CD devices 

• Identification of both the 100BASE-T4 and 100BASE-TX protocols 

• Identificationof 10 &100 Mb/s Half and Full duplex modes 



• Automatic highest common denominator capability selection 

In addition to its basic capabilities, NWay is designed as a robust architecture that 
provides: 

• 100% compatibility with 10BASE-T 

• User flexibility 

• Compatibility with future 802.3 LAN standards 

• A rich enough code space for future enhancements 

National Semiconductor 
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General NWay Function and Features 

NWay builds upon the existing 10BASE-T link pulse scheme to provide powerful and 
automatic link capability determination sensing and selection. 

NWay is a simple physical layer link detemiination protocol. With NWay two nodes 
simultaneously communicate with each other to determine their respective capabilities. 
This ability to convey all of both node's capabilities to one another in one burst is referred 
to as "parallel advertisemenf . This allows both nodes on a link to quickly sense each 
others capabilities and select the most appropriate technology. 

A simple yet robust handshaking state machine assures that capability determination, 
capability acknowledgment, and highest common denominator capability selection all 
occur quickly and accurately. Thus, NWay's autodetect and configuration protocol has 
the aibility to configure point-to-point links in as little as 80 ms. 

NWay's simple yet robust communication mechanism is designed to ensure the integrity 
of the configuration information by employing a redundant transmission scheme with 
handshaking to overcome any possible data corruption or noise issues. 

General NWay Architecture and Operation 

NWay's method of communication builds upon the link pulse mechanism employed by 
10BASE-T nodes to indicate the status of the link. Traditional 10BASE-T network nodes 
exchange information regarding the status of the link using link pulses — short 100 ns 
logic high signals separated by large 16ms intervals of logic low. 

NWay builds upon the 10BASE-T link pulse paradigm with an efficient communication 
mechanism based on quick bursts of multiple link pulses at normal link pulse (NLP) 
inten/als. 

Unlike lOBASE-Ts NLPs, one of which is transmitted every 16 ms time slot, a burst of 33 
Fast Link Pulses (FLP) are transmitted within the first 2ms of the same 16 ms duration. 
A FLP burst consists of 17 clock pulses interieaved with 16 binary data pulses. 

The specific data encoded In the FLP pattem sent indicates the presence or absence of 
particular features In a node as well as control information for the NWay protocol. 
Particular bit positions Indicate a node's support for 10BASE-T, 100BASE-T4, 100BASE- 
TX, in normal and full duplex modes. In this manner, the NWay protocol is capable of 
communicating all of the features that characterize a particular LAN node in a single 
burst transmission. 
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The NWay protocol controls the exchange of capability data and ensures the Integrity of 
capability communication. During the NWay autodetect process each node begins by 
sending FLP bursts encoded with the node's capabilities. When a node receives the 
same data 3 times in succession It sets the Acknowledge bit in the data word it Is 
sending. After a node receives 3 consecutive FLP bursts that have the Acknowledge bit 
set, the capabilities are fully validated. 

NWay's automatic configuration protocol determines the best type of connection and 
establishes that link. NWay uses a standard priority table to arbitrate the type of link that 
Is established when two or more mutual capabilities exist. The priority table establishes a 
link of the highest common denominator to take maximum advantage of the pair's 
capabilities. For example, if both nodes support 10BASE-T and Full Duplex 10BASE-T 
NWay will automatically select Full Duplex 10BASE-T because It provides greater data 
throughput. 

NWay is a simple yet robust autodetect and configuration signaling technology that 
addresses all cun-ent and future CSMA/CD-compatible LANs. It addresses the 
Interoperability of new 100 Mb/s devices and provides for fallback to 10BASE-T (LCD). 

With NWay, even If a mode of interoperation between two nodes does not even exist, the 
nodes can still remotely detect each other's capabilities. Although an operational link 
cannot be established, the information can be stored and accessed by a network 
management agent. 

The ability to look around the network and remotely monitor node capabilities is valuable 
In terms of topology mapping and fault detection. This feature will no doubt gain in 
Importance as CSMA/CD networks take on more disparate options. 

NWay's configuration capability also enables networi< management agents to sense 
node capabilities and reconfigure links as requirements change. 
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Detailed NWay Architecture 

NWay Protocol 

The NWay protocol is implemented with four related state mact,ines: 

• isidVz?^;^^res":^:;rp~ 

• XX*fcrt:^=s^:rrer°^^^^^ 

I. , . ^ ®"^®°*"«"«""'n"™cating with a 10BASE-T station 

^^^r^z:^j:^'^,^-°^^- s.te 

' v^^eKwiJ^r o;iJ^*^?^r^S^ - con. 

continuously sent. ""'*'*SE-TX standard. When m linlefail, Idle Une State is 
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The following diagram graphically shows the relationships between the four state 
machines and the signals that are passed between them 
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FIGURE 3. Top-level Block Diagram 



NWay Arbitration state machine 

The purpose of this state machine Is to control the FLP transmit state machine and 
determine if the far-end station has identified itself either through FLPs or through a 
technology-dependent signalling scheme. At power on, or upon the assertion of 
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technology-dependent link-fail condition, this state machine moves into Capability Detect 
state to allow: 

• the FLP transmit state machine to start sending FLP bursts containing the local sta- 
tion's capability to the far-end station. 

• the results of FLP receive state machine to be used to determine capability match. 

A capability match occurs when this state machine is in Capability Detect state, and 
three consecutive FLP bursts contain the same pattem ignoring the acknowledge bit. 
Once a capability match occurs, the FLP arbitration state machine moves into 
Acknowledge Detect state. 

In Acknowledge Detect state, it transmits the same data pattem with the acknowledge bit 
set, to Indicate to the far-end station that it has captured its capabilities. 

In the case of unexplained loss of FLP bursts coming from the far-end station, under 
which the FLP receive state machine goes to IDLE state, this state machine goes back to 
Capability Detect state to re-start negotiation from scratch. While remaining in the 
Acknowledge Detect state, it waits to receive acknowledge_match from the far-end 
station. Acknowledge_match occurs when two out of three consecutive FLP bursts 
received have the acknowledge bit set. In order to guarantee that the far-end station has 
completed acknowledge.match, a minimum of 4-6 acknowledge pattems are 
transmitted. Subsequently, it transitions to FLPJink_good state. After this point, the 
technology-specific link signalling scheme takes over, if needed for the specific 
technology (e.g. 100BASE-TX, 100BASE-T4). If this technology-specific link signalling 
scheme does not successfully complete in a technology determined period of time, then 
technoiogyJink_fail is asserted, and the NWay Art^itration state machine starts re- 
negotiation. 

If the far-end station does not detect and transmit FLP bursts, and instead sends a 
technology-dependent signal, (e.g., 10BASE-T link pulses, or 100BASE-TX Idle Line 
State transmissions), the technology-dependent link-integrity-test state-machine will 
assert technology-dependent_link_good signal thereby halting FLP burst transmits. 

In addition, upon successful establishment of technology-dependent link, if the 
technology-dependent link integrity test state machine goes to link fail and the artsitration 
state machine goes back to the Capability Detect state. 

A higher-level management agent can start a re-negotiation of capabilities with the far- 
end station by asserting the renegotiate signal. The state machine moves into Transmit 
Disable state to wait for the far-end station to go into a link-fail state and then starts FLP 
burst transmissions. 
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1 



Power-on 



Capability Detect 



• Transmit_capability = 1 

• xmit=disable 

• lpbk=disable 
•rcy=disable 

— I ~ 



technology.timer jiom 



Transmit Disable 



[Start technology_timer] 
• xinit=disable 



renegotiate 



technologyj 



receivejsm_idl(^ 

ca )ability_inatch 



Acknowledge Detect 



• Transmit^capability = 1 

• Transmit_ack=l 

• xnut=disable 

• lpbk=disable 

• rcv=disable 



Optional Implementation 



Remote Fauft Detect ' 

• xmit=disable 
lpbk=disable 

• rcv=disable 
remote fault=l 



fault timer_done 



acknowledge.match 



Complete Acknowledge 



[Start ack.cnt] 

• Transmit_c2^ability = 1 
•Transmit.ack=l 

• xmit=disable 

• lpbk=disable 

• rcv=disable 



ink fail 



ack cnt_done 



FLPLink Good 



• FLP Jink_good = 1 



technology Jink^ood 



Note: 



► Capability_match is 3 consecutive data pattern match, ignoring acknowledgment bit. 

• Acknowledge.match is 3 consecutive data patterns having acknowledgment bit set. 

• ack.cnt.done is from FLP Transmit SM to indicate completion of sending a minimum 
of 4-16 acknowledge patterns. 

• optional remote sensing capability, refer to Management support section 

RGURE 4. NWay Arbitration state machine 
National Senniconductor 
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NWay Transmit state machine 

The purpose of this state machine is to transmit a sequence of 33 fast llnk-pulses to the 
far-end station, when instructed by the arbitration state machine. The Idle state is 
entered at power-on and this state machine transitions to this state If the arbitration state 
machine is in FLPJInl<_good state. 

The transmltjink_pulse_timer (14 +/-8 msec) is used to separate two consecutive fast 
link-pulse bursts transmitted. ^ 

If the arbitration state machine Is In the process of sending the capability to the far-end 
station, then the transmit state machine enters Into the TransmiLCapability state. If 
acknowledgment Is to be sent, then the state machine enters Transmlt_Acknowledge 
state to Initialize ack.cnt (4-16), and then it moves to Transmit_Capabillty state. In this 
state, the bit_cnt Is started to keep track of the 1 6 bits of data to be transmitted. 

The state machine then altemates between the TransmlLCIock.BIt state and 
Transmit_Data_Blt state to transmit clock bit and to transmit data bit (If the data bit to be 
transmitted Is logic one) respectively The IntervaLtlmer (62.5 +/- 15 \is) Is used to 
separate a clock bit and a data bit. 

Once all 16 bits of data are transmitted. If the state machine is In the midst of sending ' 
acknowledgment patterns then tfie state machine moves to the Transmlt_Count_Ack 
state. However, after 16 bits of data transmission. If the state machine is not In the midst 
of sending acknowledgment patterns, then the state machine moves to Idle difectiy 

The state machine returns to Idle after a 16-blt capability has been transmitted. In the 
Transmlt_Count_Ack state, if 4-6 acknowledgment patterns have been sent. It goes back 
to Idle, othenvlse it waits for 14+/8 msec and moves to Transmlt_Capabllity state to send 
the next burst of 16-bit acknowledgment pattem. 



National Semiconductor 



# • 



Idle 



BP1= Power.on+transmit=(iisable+FLPJink_good 
transmit_ack* 



[Start 

transmit_link_pulse_timer] 



BPl=false 



ismit_capability' 
RPl=false* 



Transmit Acknowledge 



[Start ack.cnt] 



ti^snnIt5iiL^_pulse_tinier_.done 



ack_cnt_Jone 




always 



Transmit Count Ack 



[Start 

transmit_link_pulse_timer] 
[ack_cnt=ack_cnt+ 1 ] 



Transmit Capability 



[Start bit.cnt] 



ack_cnt_done=false* 
transmit Jink_pulse_timer_done 



always 



bit_cnt_done 



bit^cnt_done*transmit_ack=false 

Note: 

• transmit_ack & transmit.capability are signals 
from FLP Arbitration SM 

• ack.cnt is the number of acknowledgment pat- 
terns sent (4-16 minimum) 

• bit.cnt is the number of data bits sent for each 
pattern (16) 

• interval_timer defines the delay between clopk 
and a data bit (62.5+/- 1 5uS) 

• transmit Jink_pulse_timer defines the delay 
between two consecutive FLP bursts (14+/-8mS). 

FIGURE 5. NWay TransmH state machine 
National Semiconductor 



Transmit Clock Bit 



[Start interval_timer] 



interval_tiiper 
done 



interval, 
done 



imer_ 



.Transmit Data Bit 



[Start interval_timer] 
[bit_cnt=bit^cnt+l] 
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NWay Receive state machine 

This state machine is used to identify that the link pulses received are fast-link-pulse 
bursts, and i so. to store the embedded 16-bit data in a shift-register. A buret of thirty- 
tiiree link pulses separated by 62.5 uS conveys the capability of the far-end station. A 
link pulse IS considered part of a FLP burst if it occurs within a certain time of the 
previous link-pulse. It is detected by the use of the two timers: FLP_test_min_timer and 
FLP_test_max_timer. The purpose of the FLP_test_min_timer is to mask out any noise 
or nnging effects on the line. The FLP_test.max_timer is used to detemiine whether ttie 
next link-pulse received is within a window to be of fast link-pulse category 



ctk 



31^ 



data 



11 



elk 



93.75 



OUS 5« 3Sm 31^ 62^US 

FIGURE 6. FLP Detect Timers (FLP_test_mln/max_timers) 



125US 



1 

156.25 165QS 1850, IgT^us 



The Link Receive state machine goes to the idle state at power-on or when ttie 
arbitration state machine forces it to tills state. When the Link Receive state machine is' 
in Idle state, a reception of a link-pulse causes a transition to the Link_Pulse_Detect 

Slcil6. 

At mis point, botti the FLP_test.min_timer and FLP_test_max_timer are started. The 

i«c . ^ "^""^ ^ 2^ FLP_test_max_timer has a value of 

165 to 185 lis. If anottier link-pulse is received in the window of time such that ttie 
FLP_test_min_timer has timed out. but the FLP_test_max_timer has not completed, ttie 
state machine makes a transition to Link_Pulse_Count state. 

In ttie Link_Pulse_Count state. FLP.count is incremented. If consecutive number of fast 
ink pulses are received, i.e.. ttie FLP^count equals FLP.counLmax (6 to 8). ttien tiie 

Zrilf "^""'""'^ ^ ^' Technology-Specific link 

ntegnty test state machines (e.g. lOBASE-T linkjntegrityjest state machine) are 
forced into Freeze state. 

The NWay Receive state machine ttien goes into FLP.Pass state to Ignore ttie rest of 
ttie incorriing fast link-pulse burst. This is accomplished by waiting for ttie idle interval 
atter ttie last link pulse of ttie current burst, i.e.. an idle period of 1 65 to 1 85 us has been 
Observed. At ttiis time, ttie state machine transitions into FLP.Capture state and is 
ready to captijre a complete burst of fast link pulses from ttie far-end station 
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In the FLP.capture state, the link_test_max_timer (25-150 msec.) is started to insure 
that linl< pulse bursts are received within this window. When this timer expires, the state 
machine moves back to Idle state to indicate the absence of FLP bursts. 




Oms Sms 7ins Sms 16nis 24ins ZSms ISObh 

FIGURE 7. FLP Burst Timer (Link_test_min/max_timers) 

The first link-pulse received in the FLP.capture state is interpreted as a clock bit. Two 
consecutive clock bits can envelop a data bit. The presence of a data bit is interpreted as 
a logic one for the corresponding data bit field of the shift register. The absence of the 
data bit is interpreted as a logic zero for the corresponding data bit field of the shift 
register. Two consecutive clock pulses are separated by 125 +/- 15 jis. The separation of 
a subsequent data bit from a clock bit Is 62.5 +/- 15 jis. These margins are designed to 
be symmetric for both local and far-end stations. 

In the FLP_Clock state, the data_detect_min_timer (15 to 47 ^s) and 
data_detect_max_timer (78 to 110 \ls) are started. If a link-pulse is received when the 
data_detect_min_timer has completed and data_detect_max_tlmer is not, it is 
interpreted as a data-bit of logic one. On the other hand. If the next clock_blt arrives, as 
indicated by data_detect_max_timer_done, then the embedded data bit is assumed to 
be zero. In the FLP_Clock state, the link_test_min_timer (5 to 7 msec) is also started; 
this timer Is used to separate two consecutive fast link-pulse bursts. 

dk data dk data 



0„s ismt ilJi 62^US nm 93-75 125iB 136.25 1873ttS 

FIGURE 8. FLP Data Detect Timers (Data_detect_min/max_timers) 

The FLP_Data_0 state, a logic zero Is shifted into the shift register. In FLP_Data_1 state, 
a logic one is shifted into the shift register and upon the receptioQ of the next clock-bit, 
the state machine moves back to FLP_Clock state. Either upon the reception of the last 
clock bit, or due to a bit error corrupting the last clock bit, the state machine moves to 
FLP_Capture state. 
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following table summarizes the timer minimum and maximum values: 



Table 1 : FLP Timer Min/Max Values 



Parameter 


Mln 


Typ 


Max 


units 


FLP_test_min_timer 


5 




25 




FLP_test_max_timer 


165 




185 


\LS 


|jnk_test_min_timer 


5 




7 


ms 


Link_test_max_tmer 


50 




150 


ms 


Data_detect_min_tmer 


15 




47 


\LS 


Data_detect_max_timer " ' — 


78 




110 
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rcsei power on 



1 i i 



IDLE 



FLP.coum = 0 
^ lin kpulse 



LINK PULSE DETECT 



Sun FLP.tesLinin.tiiner 
Stan FLP_tesi_inax_timer 



T 



FLP_te$t_max.uiner_(ionc 



Unkpulsc*(FLP_test_miii_tinier_done) 
•(NOT(FLP_tcscinax_iiiner_done)) 



LINK PULSE COUNT 



FLP.Coum = 
FLP_Couni+l 



otherwise 



FLP_Count= FLP_inax 



£1 



FLP PASS 



Start FLP.tesijnax.timer 
10BASE-T = disable 



L 



link_iesi_max_iimer_done 



(FLP_test.max.tiiDcr_done)*(NOT(linkpulse)) 



linkpulse 



FLP CAPTURE 



Start link_tesumax_tiroer 
10BAS£-T=: disable 



linkpulse 



FLP CLOCK 



(linkpulse)* 
(data_detecunax_t2nier.doDe 



Start dat4_detect_max.tiiner 
Start data^detea_nun.timer 
Start link_tcsu.min_iimer 
10BASE-T = disable 

TBnkpulse)' 



FLP DATA.O 



Shift dau = 0 
shift.clodc s I 
10BASE-T = disable 



always 



link^ tes^ 
inin_tinfir_dooe 



(data_detcci^minLtinier_done)* 
(NOT(data_detecunax.tuner_done)) 



FLP DATAJ 



Shift data= 1 
shifuclocks 1 
lOBASE-Ts disable. 
Stan Itnk.tescniiii-tinier 
Stan data,detect.min,titner 



link_test_ 
min_tinicr_dooe 



linkpulse* 
(NOT(link.tesLniin_timcr_done) 
' •(dau_detectjnin_tiincr_done) 



FIGURE 9. NWay Receive state machine 
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Technology Specific state machine requirements 

The only technology-specific state machine that Is required by NWay Is the 10BASE-T 
linlc Integrity test statemachlne. This state machine Is required for compatibility with 
existing 1 0BASE-T nodes. 

Two modifications must be made to the original 10BASE-T link Integrity test state 
machine. The first modification is the requirement that the state machine powerup in the 
Llnl< Test Fall Reset state. 

The second modification needed to original 10BASE-T link integrity test state machine in 
an NWay capable device Is to add another state called Freeze 10BASE-T This state Is 
entered upon the recognition of the far-end station's NWay FLP capability and remains in 
this state during NWa/s negotiation phase. After the NWay negotiation is successfully 
completed, and the highest common denominator is determined to be 10BASE-T, the 
10BASE-T Link Integrity test state machine moves Into ttie Link_test_pass state The 
state machine remains In the Freeze 10BASE-T state if the mode of communication 
selected is not 10BASE-T. 

Additional technology-specific state machines can be added to Implement technology- 
specific link testing. 

NWay Peripheral Logic Block / Management Interface 

This block contains the following: 



1) ttiree 16-bit shift registers to hold the received 16-blt capability Infomiation from the 
far-end station, 

2) a 2-bit counter to select the current shift-register of the above-mentioned three. In 
which the data-bits are being shifted, 

3) a 1 6-bit local capability register, 

4) a 1 6-bit far-end capability register, 

5) combinational gates to generate: 

• capabllity_match signal for arbitration state machine, 

• acknowledge.match signal for arbitration state machine, 
highest-common-denomlnator. 
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Data Word Bit Field Encoding 

The NWay protocol accomplishes Its objective by transmitting data with Fast Link Pulses. 
Each FLP burst contains 16 bits of data. 

The 16 bit data word contains information about the protocol and device capability. The 
data word also contains control infonnation for indicating acknowledgment and next 
page transmission. 

The 16 bit data word is encoded as follows. Bit 0 is the first bit transmitted in the serial 
data stream. 



D15 


D14 


D13 


D12 


Dll 


DIO 


D9 


D8 


D7 


D6 


D5 


D4 


D3 


D2 


Dl 


DO 


N.R 


R 


R 


R 


R 


T4 


tXfd 


TX 


iOfd 


10 


Ack 













Reserved 



Cqpabibiy Field 



Protocol Discriminaor 



Next Page Bit 

FIGURE 10. Data Word Encoding 



Acknowledge Bit 



Both ends of a physical network segment transmit their capability data words to each 
other at the same time. In this way both nodes are able to quickly detemiine the 
capabilities of the other node, determine what capabilities they have in common, and 
select the highest common denominator technology. 

Protocol Discriminator 

This field Is a binary encoding of the nodes protocol group. This allows 32 protocol 
groups to be defined. Cun-ently only a single protocol discriminator is specified but due to 
this capability NWay is expandable across all existing and future RJ-45 LAN protocols. 

The following table summarizes the Protocol Discriminator encoding: 



Table 2: Protocol Discriminator Encoding 



D 
4 


D 

3 


D 

2 


D 
1 


D 
0 


Description 


0 


0 


0 


0 


1 


CSMA/CD Compatible 


01 


thers 


Reserved 
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Acknowledge Bit 

The Acknowledge Bit is used by the NWay protocol to indicate that a station has 
successfully received the far_end capability data word. Setting the Acknowledge bit 
indicates that the capabilities of the other station have been received consistently during 
three consecutive FLP bursts. 

The search for acknowledge bits is completed when 3 consecutive bursts are received 
with tiie acknowledge bit set. 

The Acknowledge Bit is fixed in position for all protocol discriminators. 
The following table summarizes the Acknowledge Bit encoding: 

Table 3: Acknowledge Bit Encoding 



Description 

No acknowledgment 



Transmitting node acknowledges correct receipt of data word 



Capability Field 

The Capability Field describes the networicing types that are supported by the node 
Each bit in the field independentiy indicates whetfier a certain networicing type is 
supported. This allows each node to support multiple networic types. 

The following table summarizes the Capability Field Encoding: 

Table 4: Capability Field Encoding 



D 


D 


D 


D 


D 




1 


9 


8 


7 


6 




0 










Description 


0 


0 


0 


0 


1 


10BASE-T 


0 


0 


0 


1 


0 


10BASE-T Full Duplex 


0 


0 


1 


0 


0 


100BASE-TX 


0 


1 


0 


0 


0 


100BASE-TX Full Duplex 


1 


0 


0 


0 


0 


100BASE-T4 
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To demonstrate how the bits can be used together the following table provides some 
usage examples: 

Table 5: Examples of Multi-capable node encoding 



D 


D 


D 


D 


D 




1 


9 


8 


7 


6 




0 










Description 


0 


0 


0 


1 


1 


Regular and Full Duplex 10BASE-T 


1 


0 


1 


0 


1 


10BASE-T, 100BASE-TX. and 100BASE-T4 all supported in normal 












configurations. 


0 


0 


1 


0 


1 


10BASE-T and 100BASE-TX configurations both supported. 


1 


1 


1 


0 


0 


100BASE-TX, 100BASE-T4, 100BASE-TX Full Duplex supported. 



The actual bit ordering of the Capability Field is not important since there is a separate 
priority table that is used to resolve which capability is actually selected when multiple 
common capabilities exist. 



However, the 10BASE-T bit D6 is fixed in position across all protocol discriminator types. 
This will allow basic 10BASE-T capability to be universally identifiable, and if available, 
will provide a means for basic communication across protocols. 

Reserved Bits 

The Reserved Bits have been set aside for future use. When needed these bits can be 
defined and standardized. 

Reserved Bits should be set to all zeros (0) on transmission and should be Ignored and 
masked out on reception of the data word. 

By following these two criteria, products based on the standard before a resen/ed bit 
becomes defined will be forward compatible. 

The following table summarizes the Reserved Bit encoding: 



Table 6: Reserved Bit Encoding 



D 


D 


D 


D 




1 


1 


1 


1 




4 


3 


2 


1 


Description " 


0 


0 


0 


0 


Reserved for future use 










Mask out values on reception 



1 
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Next Page Bit 

page bits will be utilized for IOOBASF ta nnoro? L ^ 

The following table summarizes the Acknowledge Bit encoding: 

Table 7: Next Page Bit Encoding 




Priority Resolution 

Since two nodes can have multiple capabilities in common a prioritization sclieme must 
- exist to ensure that the highest common denominator capability Is chosen. The following 
priority Is proposed (from highest to lowest priority): 

1. 100BASE-TX Full Duplex 

2. 100BASE-T4 

3. 100BASE-TX 

4. 10BASE-T Full Duplex 

5. 10BASE-T 

The rational for this hierarchy is straightfonward. 10BASE-T Is the lowest common 
denominator protocol and therefore has the lowest priority. Full Duplex solutions are 
always higher in priority than their Half Duplex counterparts. 100BASE-T4 is ahead of 
100BASE-TX because 100BASE-T4 runs across a broader spectrum of copper cabling. 

As new CSMA/CD-compatible LAN technologies enter the maricet a reserved bit will be 
assigned to each technology by the standards body. The new technology will be inserted 
into an updated priority table and made a part of the 802.3 auto-negotiation standard.The 
relative hierarchy of the existing technologies will not change, thus providing backward 
compatibility with existing NWay Implementations. It is important to note that the 
reserved bits are forced to zeros. This guarantees that devices implemented using the 
current priority table will be fonvard compatible with future devices using an updated 
priority table. 
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Fast Link Pulse (FLP) Description 

NWay's method of communication builds upon the link pulse mechanism employed by 
10BASE-T nodes to Indicate the status of the link. Traditional 10BASE-T network nodes 
exchange infomiafon regarding the status of the link using link pulses — short 100 ns 
logic high signals separated by large 1 6ms intervals of logic low. 

NWay builds upon the 10BASE-T link pulse (NLP) paradigm with an efficient 
communication mechanism based on quick bursts of multiple link pulses at normal link 
pulse inten^als. 

FLP Logical 0/1 Encoding 

Fast Link Pulse bursts consist of a maximum of 33 pulses which are a combination of 17 
clock pulses with an optional data bit interleaved between each clock pulse. This allows 
16 data bits to be ti-ansmitted in each FLP burst witii a 1 being encoded as a data pulse 
between 2 clock pulses and a 0 being encoded as tiie absence of a data bit between 2 
clock pulses. 

The figure below illustrates tiie encoding of data using pulses in a FLP burst. 



Clock Pulses 




_0__rL_^ L 

1 1 0 

FIGURE 11 . Data Encoding of Zeros and Ones 

FLP Timing 

individual pulses in an FLP burst are tiie same 100ns widtii as normal link pulses. Botii 
clock and data pulses are the same widtii. 

Clock pulses are always evenly spaced apart by ^25\^s. if a data bit is present between 
two clock pulses it is centered between them. 
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The following figure illustrates the FLP Pulse Timing. 

T2 



T1 




Clock Pulse 



T3 



T1 



Data Pulse 




Clock Pulse 



FIGURE 12. FLP Pulse Timing 

The following figure illustrates the FLP Burst Timing. 

T6 




FLP Burst FLP Burst 

FIGURE 13. FLP Burst Timing 

The following table summarizes FLP Pulse and Burst timing. 

Table 8: FLP Min/Max Timing 



# 


Parameter 


Min 


Typ 


Max 


units 


T1 


Clock /Data Pulse Width 




100 




ns 


12 


Clock Pulse to Clock Pulse 




125 




\xs 


T3 


Clock Pulse to Data Pulse (Data = 1 ) 




62.5 




us 


T4 


Pulses in a Burst 


17 




33 


# 


T5 


Burst Width 




2 




ms 


T6 


Burst to Burst 


8 


16 


24 


ms 
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1 0BASE-T Link Pulse Comparison 

Since Fast Link Pulses are based on 10BASE-T nomial link pulses it is easy to comoare 

rrp.„r , '^^^ ^-"^ '^'"^^ '^'ps occur. irirT^zi 

This IS illustrated below. ^i^^r*. 



FLP Bursts 



NLPs 



FIGURE 14. FLP Burst versus NLP 
Ire'l 00?s.°^ ^" '''■^ ^'^^ ^ NLP. Both 

FLP Electrical Characteristics 

n Ltp t*r?n '"'^T'^T °* ^'■'""^^ *° ^« Characteristics of NLPs. 

FLPs are transmitted single ended on the positive wire of the transmit pair The actuki 
pulses in an FLP burst follow the exact same Link Pulse Template as NLPs. 

The DC balance of the line is not affected by FLP bursts. This is because the bursts are 

Of timt to TT:^' "^^'"^ 9'^^^ on L Lb^Xty 

TZZ TT" ^'"^ *° Characteristics of FLP bursts they 

also fall witfiin the same emissions level as normal 1 0BASE-T traffic. 
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Management Support 

The ideal auto-negotiation scheme should allow sufficient flexibility in its mode of 
operation to provide not only smooth configuration to the highest common denominator, 
but the ability for a management agent to control the process. The following will show 
how the NWay solution supports management in identifying modes and controlling the 
configuration. However, even though these management capabilities exist, a given 
implementation does not require the existence of a management agent. NWay's basic 
auto-negotiation will take place regardless of whether a management agent utilizes 
these features. 

Manual Override 

To provide interoperability with future products which choose not to implement the auto- 
negotiation scheme NWay provides an ovenide switch which freezes the auto- 
negotiation mechanism from taking place. The management agent then configures the 
desired forced mode. 



Renegotiation 

Auto-Negotiation must take place on power up or link reset because this accounts for the 
actions that a user can physically take after which the device needs to discover whether 
a mode change is required. However, it does not account for a power user or 
management agent who wishes to change the state of the link to serve their own ends. 
To do this NWay has provided two mechanisms by which management can signal a 
remote agent to renegotiate. 

1 . The local agent updates its local capability register and resets the 
technologyjinkjail counter to zero. FLP bursts will be sent to the remote station 
immediately following the deferral of any data transmissions, without bringing the 
remote station's link down. The remote station recognizes the new capabilities and 
stops its own data transmission gracefully. Once the remote agent receives the 
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required three consecutive and consistent patterns, it sets the acknowledge bit 
■ Configuration in the new mode occurs once the acknowledge bit has been seen set 
two consecutive times with the same data. On configuration the data transmission 
deferral of each station is released. 

2. The local agent updates its local capability register and sets the 
technologyjinkjall counter to ensure that the remote station will enter the link fail 
state. This will allow renegotiation to occur without relying on the remote agent to 
halt data transmissions. 

Remote Fault Sensing 

NWay can detect whether another remote NWay device has a wiring fault on the remote 
agenf s receive pair. A local NWay agent determines that a remote fault condition exists 
by receiving intelligible FLP bursts which do not have the Acknowledge bit set and 
seeing that the Fault.Timer has expired even though it is sending FLP bursts which have 
the Acknowledge bit set A management agent can then record and pass the information 
to an appropriate MIB. 




If Remote Fault Sensing is to be supported, even ttiough it is not required for basic 
operation, the Remote Fault Detect state in the NWay Arbitration State Machine must be 
implemented. The Fault.Tlmer starts as tiie NWay Arbitration State Machine transitions 
to the Acknowledge Detect state. A minimum of one second is recommended for the 
Fault_Timer timeout value. 

MIB Statistics 

At power up all negotiation takes place during link fail, before data transmission is 
allowed, therefore NWa/s out of band solution does ^ot affect any MIB statistic A 
management decision to reconfigure the link needs to account for ramifications to the 
MIB statistics. 
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Protocol Connection Timeouts 

NWay's nominal time to negotiate ensures that protocol connections do not timeout due 
xo a management decision to renegotiate. 

Parallel Advertisement 

By receiving all the capabilities of a remote station simultaneously, NWay provides a 
convenient mechanism to store and pass remote capabilities to a management agent. 



Operational Examples 

The following operational examples highlight the steps that are taken when attempting to 
establish a network connection between two nodes. Only three general cases are 
necessary to demonstrate all the different combinations of operation that will ever occur. 
The tiiree cases are any NWay capable device to 10BASE-T, any NWay capable device 
to another NWay capable device, and any NWay capable device to a non-NWay capable 
device. All these examples fall Into one of these three cases. 
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NWay Capable <— > 10BASE-T in Link_Fail state 

This example highlights NWa/s 100% backward compatibility with 10BASE-T. The 
10BASE-T station in this example begins in the Link_Fail state and is transmitting 
Normal Link Pulses. The NWay capable station supports an arbitrary 100Mb/sll10BASE- 
T capable or 100Mb/s only capable node. Initially the NWay capable station comes up in 
the Link.Fail state and transmits Fast Link Pulse bursts to advertise its capabilities. 

FLP , 



NWay 
Capable 
100/10 
or 

100 only 



NLP 



Normal 
10BASE-T 



FIGURE 15. Example: NWay Capable <~> 10BASE-T 

The Normal 10BASE-T node receives the Fast Link Pulses and remains in Link_Fail 
state because the timing of the Fast Link Pulses do not allow a normal 10BASE-T station 
to misinterpret FLPs as Normal Link Pulses. To understand this, there are two main 
cases to consider. 

In the first case, the 10BASE-T only station begins receiving FLPs in between bursts. 
The link_test_min_timer (2-7ms) expires and the first pulse in an FLP burst gets counted 
as a good link pulse. However, subsequent pulses in the FLP burst anive before the 
link_test_min_timer expires for a second time which resets the good link pulse counter to 
zero. 

Reception 
begins here 



i 



2 - 7ms . 

FIGURE 16. Case 1 : Reception begins in between FLP bursts 



In the second case, the 1 0BASE-T only station begins receiving FLPs just before the last 
pulse in an FLP burst. This pulse is not counted as a good link pulse because the 
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Iink_test_min_timer has not expired yet. This pulse therefore keeps the good link pulse 
counter reset at zero. This case then proceeds like the first case. ^ 

Reception 
begins here 




FIGURE 1 7. Case 2: Reception begins just before the last pulse in an FLP bursts 



No scenario causes the good link pulse counter to count higher than 1 . which is less than 

- - — -V station will 

loBAS^T hIT^^^^ '"^T*^ ^ ^^^"'^^^ P^rt °' NWay. regardless of 

he NLPs be^^^^^^^^ ""'^ ^^^^ ''^^'^ recognizes 

nL^^ 1^ T ^OBASE-T node, switches over to 10BASE-T 

Tdf rtkpMw''"'' m'''- ''^"^ communicate in 10BASE-T 

T NLP b^^^^ '''''''' " ^e^ognize 10BASE- 

T NLPs be ng sent. In response to NLPs. FLP burst transmission is halted and no NLPs 
are transmitted by the lOOMb/s only station. naiiea ana no NLPs 
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NWay Capable <— > 10BASE-T only in Link_Pass state 

This example highlights NWa/s 100% backward compatibility with 10BASE-T. The 
'10BASE-T station in this example begins in Link^Pass state and is transmitting Nomial 
Link Pulses or normal 10BASE-T traffic. The NWay capable station is an arbitrary 
100Mb/sll10BASE-T capable or 100Mb/s capable station. Initially the NWay capable 
station comes up in Link_Fail state and transmits Fast Link Pulses to advertise its 
capabilities. 



Ill 


1 Mill 


NWay 
Capable 

100/10 

or 
100 only 


— ► 


Normal 
10BASE-T 


1 1 





FIGURE 18. Example: NWay Capable <—> 10BASE-T 

The Normal 10BASE-T node receives the Fast Link Pulses and always remains in 
Link_Pass state because the linkJoss_timer does not expire. 

The NWay capable node's 10BASE-T specific link integrity test state machine identifies 
the link as being good due to receipt of 10BASE-T traffic or normal link pulses. 

If no 10BASE-T data transmit/receive capability exists, then FLP bursts are halted, and 
no NLPs are transmitted by the NWay capable station, othenwise NLPs are transmitted 
and the link is established. 

If some 10BASE-T Link Integrity Test state machine implementations transition from Link 
Pass state to Link Fail state due to FLPs, we are back to the previous NWay capable <- 
->10BASE-T in Link Fail state example. 
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NWay Capable connection with multiple common 
capabilities 

This example highlights NWay capable station to NWay capable station auto-negotiation 
when multiple common protocols are supported by both stations. In this case it is 
assumed that both stations support Full Duplex 100BASE-TX. 100BASE-T4, and 10 
BASE-T 





MM 


NWay 
Capable 

Multi- 
Function 




NWay 
Capable 

Multi- 
Function 
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FIGURE 19. Example: iwo NWay Capable Stations with Multiple Common Protocols 

Both nodes come up in Link_Fail state and transmit FLP bursts encoded with their 
capabilities. Each node leams its partners capabilities. In this case each node leams that 
it has Full Duplex 100BASE-TX, 100BASE-T4. and 10 BASE-T in common. 

The built in priority resolution table in each node indicates that Full Duplex 100BASE-TX 
is the highest common denominator protocol, so both nodes switch over to this protocol 
and begin transmission. 
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NWay Capable connection between 100BASE-T4 nodes 

This example highlights a connection between two 100BASE-T4 NWay capable station. 
In this case it is assumed that each station supports 100BASE-T4 as its highest common 
denominator protocol. 



FLP 



NWay 
Capable 
100BASE-T4 




NWay 
Capable 
100BASE-T4 


1 1 1 ' 


► 





FIGURE 20. Example: iWo NWay Capable 100BASE-T4 stations 

Both stations comes up in Link_Fail state and begin transmitting FLP bursts. Each 
station receives the other's capabilities and engages the highest common denominatoi; 
100BASE-T4 protocol. 

At tills time the 100BASE-T4 protocol can proceed through its own protocol-specific link 
integrity test. This test can then do a specific test to insure that tiie two pairs of cable not 
used for NWay signalling are intact. 
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Summary 



The proliferation of CSMA/CD-based l_ANs will spawn a new generation of multi-function 
hubs and nodes. The trend among hub vendors towards 'virtual networks' wherein ports 
can be switched between LANs will necessitate that auto-negotiation capability be 
embedded in each node. Unless the industry adopts an auto-negotiation solution such 
as NWay, users and information services managers will face difficult configuration 
management problems in the future. 

NWay solves the problem of configuring the growing available matrix for RJ-45 CSMA/ 
CD compatible LANs by providing a simple, robust scheme to advertise, detect, and 
resolve the capabilities of two stations connected with UTP. With NWay, the upgrade 
occurs automatically and seamlessly from 10BASE-T to desired higher performance 
modes without requiring the presence of a management agent. 

NWay interoperates with all 10BASE-T compatible devices such that the installed 
networi( base will not be affected by the new generation of RJ-45 LAN technologies if 
NWay is adopted as a standard. NWay can be applied universally across node and hub 
products because the architecture is symmetric in nature and does not establish a 
master/slave hierarchy. 

A low gate count and simple architecture make NWay both easy to understand and cost 
effective. The cost and complexity are realistically bounded by providing a rich enough 
code space to meet the current projected higher performance mode and future LAN 
technology needs. Although this proposal addresses the problem for CSMA/CD protocol 
LANs, NWay does not preclude other technologies from leveraging this standard 
communication mechanism. 
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NWay is also a powerful management tool which allows: 

1 . Manual override of auto-negotiation 

2. Renegotiation on management intervention 

3. Remote Fault Sensing 

4. Parallel Advertisement of capabilities 

5. Storage of remote capabilities 

NWa/s negotiation time is bounded for good links sufficiently to ensure that popular 
network protocol connections do not time out. Even in a noisy UTP environment, the 
handshaking and redundant pattern comparison ensures robust operation. Also, the DC 
line effects and emissions do not present a significant impact to either interoperation or 
compliance with FCC requirements. 
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Appendix Overview 



The following sections present further 
negotiation and NWay: 

• NWay Questions and Answers 

• 10BASE-T Review 

• Link Pulse Template 

• DC Balance 

• FCC Compliance 

• Glossary 



Information on different aspects of 
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NWay Questions and Answers 

The problem of maintaining interoperability is serious enough to attract the attention of a 
variety of network silicon manufacturers and node/hub equipment vendors. Initially 
developed by National Semiconductor, the NWay auto-negotiation signaling method is 
the result of collaboration and has been reviewed by a host of technical contributors 
including representatives of the following companies: 

3Com 

AMD 

Cabletron 

Cirms Logic 

DEC 

Fujitsu 

Intel 

Level One 
Microlinear 
Mick Group 

National Semiconductor 
Sun Microsystems 
Seeq 
SynOptics 



The following section highlights some key operational features and answers some 
commonly asked questions about NWay and interoperability. 

Q: What is the key purpose and function of NWay? 

A: As incompatible 1 0/1 00 Mb/s network products become prevalent, proper installation 
and configuration with minimal network disruption becomes more difficult for system 
administrators and installers. NWay provides the capability of Automatically 
negotiating the network type of a point-to-point link for RJ-45 LANs. Upon 
initialization, NWay determines the mutual modes of interoperation between two 
stations and automatically configures them to take maximum advantage of their 
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features N Way also allows a networK management agent to reconfigure the point- 
. to-point link as required. * opuim 

Q: How does NWay's configuration signaling method operate? 

^' pZ^rn p d1°" mechanism Is based on transmitting a burst of Fast Link 
Pulses (FLPs). FLP bursts provide a fast, clean communication mechanism for 
exchanging configuration infomiation between the two ends of a point-to-point link 
Each FLP burst encodes 16-bits of data that defines the unique capabilities of the ' 
station A robust handshake ensures that both ends complete the configuration 
negotation. 

Q: What are the key features of NWay? 

A: 1 . Robust automatic negotiation to the highest performance capability supported. 

2. Interoperable with 10BASE-T. 

3. Rich enough code space for fonvard compatibility and flexibility. 

4. Easy to Implement. 

5. Cost effective. 

6. Remote Fault Sensing during configuration. 

7. Management support for remote capability storage and forced configuration. 

iVBASE!V"s NormSirj'p'^f ' ""'^^ ^" '"^^^^^e with 

1 uDAbE-T s Normal Link Pulse (NLP) operation? 

A: NWay is designed specifically to be transparent witfi nornial 1 0BASE-T link pulse 
operation. FLP bursts cannot falsely enablel OBASE-T link activity. 

Te^t^^un^ih^r *!"^*^,^""°if^"s« « 10BASE-T node to.transltion from the Link 
Pnl r T y "^^^ ^P^^^ ''LPs do not allow the Link 

Pulse Counter to increment to two. the condition req.ulred to enter the Unk Pass 

rTr transmission, eachlink pulse is spaced 62.5 usee apart 

The first link pulse of an FLP burst ckn set the Link Pulse Counter to one Each ' 
subsequent pulse in an FLP burst resets the Link Pulse Counter to zero because ttie 

l^inPA^^T ^ ""^ •'^^P ^""^ a P"'se. In case 

the lOBASE-T node powers up in the Link Test Pass state, it will transmit traffic or 
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NLPs to the NWay capable station, causing the Link Integrity State Machine of the 
. NWay capable station to move to the Linl< Test Pass state. This will result in either of 
the two following conditions: 

1 . NWay capable station has 10BASE-T protocol - It will cease FLP burst 
transmission and will establish regular 10BASE-T communication. 

2. NWay capable station does not have 10BASE-T protocol - It will cease to transmit 
FLP bursts, ultimately causing the remote 10BASE-T node to move to the Link Test 
Fail state. 

Q: Is there any possible way that the fast link pulse scheme can interfere with 
normal 10BASE-T data transmission operation? 

A: No. The overriding design goal of NWay is to maintain 1 00% backward compatibility 
witii tiie installed base of 10BASE-T nodes. NWay cleariy separates data 
transmission from link pulse transmissions. Since Fast Link Pulse (FLP) 
transmission does not occur during regular data transmission there is no chance tiiat 
a burst of link pulses can interrupt normal data transmission. 

Q: How does NWay ensure that the point-to-point link is configured correctly? 

A: NWay protocol relies on redundant transmissions to ensure that tiie transmitted 1 6- 
bit pattem is correctly received by tiie remote station. The remote statiort must 
receive an identical 16-bit pattern three times in a row before the acknowledgment 
pattem is transmitted. The acknowledgment pattem is the same 16-bit word with tiie 
acknowledge bit set. The reception of 2 out of 3 acknowledgment pattems completes 
the handshake. This robust protocol assures that the con-ect configuration 
Information is exchanged. 

Q: Where there is more than one mode of interoperability, how does NWay decide 
which mode to establish? 

A: After passing configuration infonnation via FLP bursts to determine the mutual 
modes of interoperation of two stations, NWay automatically defaults to tiie highest 
common denominator of the capabilities. The priority table is intended to be defined 
in tiie 802.3 auto-negotiation standard. The' fastest and most capable modes 
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(100BASE-T4and 100BASE-TX) are at the top of the hierarchy. 

0: What is the size and complexity of the NWay solution? 

A: mvay provides an efficient mechanism for point-to-point communication that is 

II °' 9^'*' Regardless of the numl>er of 

protocols supported, a total of 3 state machines, 6 Bmets. 3 counte.s, and some 
^npheral logic is needed. An analysis of the architecture shows that the design will 
require approximately 400 cells to Implement. In addlHon, NWay has been 

^ ^ mechanism which allows easy comprehension by silicon 

'1^^^ °' """P'^'^'y '^"^ ^ technologies 

emerge and need to coexist with the growing installed based of RJ.45 UNs 

^^^l 1^^^ '^"''^ ^"^""^^ ^ """Plex machines for each 
opLs Xe ?dd"S'* ^ ^'^"^ '° «^ally as new LAN 

O: How does NWay provide for the future expansion of LAN capability options? 

l2e^'A^Z^ '^^T accommodate present and 

™^,^;t!, , WH '° '^^Sn the core communication 

mechanism. In addition to the lt>ree reserved bits for future capabilities NWa/s data 
smicture features a Next Page Bit, which provides a mechanlL to ti,smit ^ 
additional protocol specific infom^Bon. In addlBon, the Protocol Discriminator field 

10BASE-T as the multi-function product lowest common denominator. 

Q: How will NWay maintain compatibility when new options are added? 

A: As new CSMA/CD-compatible LAN technologies enter Ihe maiket a resented bit will 
be ^signed to each technology by the standanJs body. The new technology wil 
inserted into an updated priority table, as detailed in the Data Bit Reld deiSripHon 
a^ made a part o the 802.3 aut^negotlalion standard.-me relative hierarc»>y of the 
existing technologies will not change, thus providing backward compatibiiity itte 
important to note that the resent bits are lorc&d to zeros. This guLnte«' »^t 
de«ces implemented using the current priority teble will be forwart compatibtewith 
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• future devices using an updated priority table. 

Q: What does the parallel advertising feature buy you? 

A: NWay allows a station to advertise its complete set of CSMA/CD capabilities in one 
burst, an NWay feature refen-ed to as its "parallel advertising" capability. Advertising 
the complete set of capabilities in one pass allows NWay to immediately discover all 
capabilities of the remote station and save them for passage to a management 
agent. 

Q: What if there isn't a lowest common denominator i^etween nodes? 

A: Obviously, a link will not be established. Yet if both have the NWay autodetect 
mechanism, there can be a configuration management advantage. Each node is 
capable of remotely sensing and communicating the capabilities of the other end of 
their link to another entity, such as a management agent. 

Q: Does NWay support renegotiation? 

A: Yes. NWa/s reconfiguration capability is an important feature that allows any mutual 
mode of interoperability to be utilized. Although a pair of stations default to their 
highest common denominator capability, other modes of interoperation may exist. 
For a variety of reasons, the network management agent may wish to reconfigure 
the link. 

Q: What impact will embedding NWay have on intelligent hubs? 

A: Hub makers are already moving towards more intelligent products with features like 
port switching that allow them to reconfigure ports. Hubs that support multiple 
capabilities (100BASE-TX, 100BASE-T4) will need an autodetect configuration 
mechanism to detennine the capabilities that are attached to each port. Without 
autodetect, the system administrator will have the duty of manually tracking each 
station's capabilities and individual requirements. 

Q: Do the fast linic pulses cause any EMI/RFi noise problems for FCC 
qualification? 

A: The emissions due to unipolar FLPs are no worse than the case of short legal 
packets in CSMA/CD. A comparison of FLP bursts and CSMA/CD frequency 
spectrum simulation results show that the energy content of the FLP burst is no 
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higher than that of 10BASE-T CSMA/CD. As a result, NWay will not cause products 
to have additional difficulty passing stringent FCC requirements. 

Q: Do the fast link pulses cause any DC balance problems? 

A: The voltage/charge of each FLP dissipates to almost zero (.000045 of the initial 
value) before the next FLP within a burst. This number is based on worst case load 
models for transmit and receive ends. This also assumes that the medium for 
transmission and reception is compatible to standard 10BASE-T. The minimum 
spacing between link pulses must be 12 fis to avoid appreciable DC effects.The 
spacing between FLPs is a minimum of 31 .25 jis, which provides a margin that 
guarantees a robust solution. 
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1 0BASE-T Review 



A 10BASE-T Link Pulse (NLP) is a signal applied on a networl< segment to detemnine its 
integrity. 

An NLP has a pulse widtli of 100ns nominally with a 200ns maximum. These pulses are 
transmitted every 16ms +/- 8ms while a linl< is active and not transmitting regular packet 
data. 



n n 



FIGURE 21. Normal Link Pulse Timing 

Link pulses are used to control a stations entry to and exit from the Link_Loss_State. 
Link_Loss_State is entered when no NLP pulses are for more than linkJoss_timer time 
which ranges from 50ms minimum to 150ms maximum. 

Link_Loss_State is exited when a minimum of 2 NLP pulses are detected or up to 10 
NLP pulses are detected. 

No NLP for 50ms - 1 50ms 

T , 

Link_Loss_State 

2-10 NLP detected 

r 

FIGURE 22. Link_Lo8S_State Transitions 
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Link Pulse Template 




ses mV — 

+50 mV— , 
-50 mV— 

0.25,. ^ 
585 mV «Int2«ir«<tAlBT-^51) 
0.25 BT < t < 0.5 BT 

565 mV »lnt2«ir«ft/lBT-.35)) 
0.6 BT < t < 0.65 BT 



0.65 BT 



2.0 BT 



FIGURE 23. Link Pulse Template 




• 



DC Balance 



The medium for the transmission and reception of fast link pulses (FLPs) must be 
10BASE-T compatible as described in section 14 of the ISO/IEC 8802-3 specification. 
This Implies that the standard 10BASE-T hardware will be able to handle the fast link 
pulses. 

This appendix investigates the charging effects, baseband wander and the issue of DC 
balance in general during the transmission of FLPs over 10BASE-T compliant hardware/ 
cable. 

As per the 10BASE-T specification the worst case load models for the transmit and 
receive ends of the cable are specified as shown in Fig. A-1 . The worst case tolerance 
limits on resistance and inductance values are also specified In this figure. Any standard 
10BASE-T pulses transmitted on such hardware must also satisfy the waveform 
template specified in 10BASE-T specification which is reproduced here as Rg. A-2. 

The FLPs transmitted over the above specified 10BASE-T hardware must comply with 
the voltage template specified using the worst case models for transmit and receive ends 
under the worst case FLP spacings. The theoretical worst case pulse spacing within an 
FLP burst is 31.25 \is. Time constant calculations will be presented to analyze the 
charging effects. The DC baseband wander calculation will be presented to show the 
overall effect of these pulses on the signal levels on the cable. 

TIME CONSTANT CALCULATIONS: 

Worst case modeling of the twisted pair interface and cable gives the following time 
constants: 

Minimum Time constant T= L/R = 1 80/1 1 5 = 1 .5us. ^ 
Maximum Time constant: T= L/R = 220/76.8 = 3.0us. 
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It takes approximately 4 time constants to dissipate accumulated charge to 
e-4 (T/T) ^ 0.01 8 of the initial value where 41 = 4 X 3^s = 12ns. 

This implies a minimum pulse spacing of 12jis. The margin provided in this scheme is 
(31.25ns . 12ns)/3ns = 19.25/3 = ex. So. the fast link pulses provide the minimum 4T 
spacing plus a 6T margin to avoid line charging. In the total of 10T spacing between 
pulses the voltage/charge dissipates to 0.000045 of its initial value. Hence line charging 
is not an issue for FLPs. 

BASEBAND WANDER: 

The DC component of the unipolar FLP's can be calculated as follows: 

DC Component = (Duty Cycle) * (Max. Voltage Swing) 

= (100ns/62.5us) * (2.5V) = 4mV 

This DC component of 4mV corresponds to 0.16% of the voltage swing of the FLPs. This 
amount of DC wander is insignificant because it is considerably below the receiver 
tolerance/sensitivity limits. 

The FLP's are designed to work reliably on all 10BASE-T compatible transmission and 
reception media. 
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FCC Compliance 

Simulation results of the frequency spectrum of continuous Fast Link Pulses versus short 
continuous legal packets in CSMA/CD (10BASE-T) are presented in Figure 24, "FCC 
Emissions (Simulation Results)". The emissions from Fast Link Pulses are within the 
same range of those of CSMA/CD. 
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RGURE 24. FCC Emissions (Simulation Results) 
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Glossary 



10BASE-T 



100BASE-TX 



100BASE-T4 



Acknowledge Bit 



Auto-Negotiation 



Capability Field 



Category 5 UTP 
Category 3 UTP 



IEEE 802.3 Physical Layer Specification for Ethernet over 
two pairs of Unshielded Twisted Pair (UTP) media. 

Proposed 100Mb/s CSMA/CD LAN over 2 pairs of Category 
5 UTR 

Proposed IEEE 802.3 Physical Layer specification for 
Ethernet over four pairs of Category 3, 4, and 5 UTP or STP 
wire. 

A bit used by the NWay protocol to indicate that a station has 
successfully and consistently received the far-end capability 
data word. With the simple, yet robust NWay protocol, this bit 
is only set after the data word has been received consistently 
three times in succession. 

The ability for a local station to detect the network capabilities 
of a remote station. In addition to autodetect, NWay allows 
the local station to automatically configure tiie link. 

Five bits of NWa/s 16-bit data field tiiat are used to indicate 
the network capabilities of a node, such as support for 
10BASE-T, 100BASE-TX, 100BASE-T4, as well as Full 
Duplex capabilities. 

A data grade of unshielded twisted pair copper wiring with 
superior electrical characteristics. 

A voice grade of unshielded twisted paft^ copper wiring tiiat is 
used by current 10BASE-T installations. 
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4 



CSMA/CD 



FLP 



Full Duplex 



IPG 



Link Pulse 



MAU 

MAC 
MIB 



Carrier Sense Multiple Access/Collision Detection (CSMA/ 
CD) is the Media Access Control (MAC) protocol for IEEE 
802.3 LANs. 

Fast Link Pulses are the basis of NWay's efficient 
configuration signaling mechanism that is based on sending 
a series of nan-ow 100 ns pulses between stations to 
exchange network capability information. Upon Link Reset, a 
local station sends bursts of fast link pulses (FLPs) to the 
remote station to convey the local station's network 
capabilities, and vice versa. The FLP burst consists of 33 
pulses (17 clock pulses and 16 data bits) tiiat are sent in 
succession spaced 62.5 ^sec apart over a 2 ms period. This 
FLP burst is followed by a 14 ms pause, making tfie overall 
FLP cycle a total of 1 6 ms. 

A type of Ettiemet networiting using 10BASE-T media and a 
switching hub. With a simple modification to tiie MAC at both 
ends of a point-to-point link, ttie Full Duplex agents can 
transfer data in botti directions simultaneously. Full Duplex 
mode is becoming an increasingly popular way to increase 
performance on point-to-point links. 

Inter-Packet Gap. The minimum idle time required between 
packets. For 1 0BASE-T Etiiemet tiie IPG is 9.6 ^s. 

Out of band communication mechanism used In 10BASE-T 
networks to Indicate link status. 10BASE-T nodes exchange 
infomiation using a single 100 ns wide unipolar pulse which 
is sent every 16 ms +/- 8 ms when the networi< Is idle to 
establish or maintain connection. 

Media Attachment Unit. A physical device that is used in 
Ethemet to transmit signals from the PLS onto the medium. 
This is sometimes referred to as a transceiver. 

Media Access Control. A protocol, such as CSMA/CD, tiiat 
dictates how a device may gain access Jp the physical media. 

Management Information Block. 
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Next Page Bit 



NLP 



Protocol Descriptor 



Priority Table 



PHY 



PLS 



Renegotiation 
UTP 



A bit in NWa/s 16-bit data structure that indicates that there 
is additional information regarding the node's capabilities that 
resides in an additional one or more 16-bit data 
transmissions. 

Nomial Linl< Pulse. Refers to link pulses as they are used in 
standard 10BASE-T networks. A single 100 ns pulse is sent 
nominally every 16 ms to indicate link status. 

Rve bits in NWa/s 16-bit data structure that are used to 
indicate and convey the network station's protocol, such as 
CSMA/CD. 

The look-up table method used by Nway to arbitrate between 
possible network connection types (100BASE-TX, 100BASE- 
T4, 10BASE-T) when more than one common network 
capability exists. The priority table defines the hierarchy of 
connection types from the highest common denominator to 
the lowest common denominator that will be automatically 
configured. 

Physical Layer Protocol. The PHY is a sublayer of the lowest 
layer of the OSI MODEL which is responsible for encoding 
data for transmission. 

Physical Signaling sublayer of the Physical Layer of the OSI 
MODEL. This sublayer is responsible for the encoding of data 
for transmission. 

The capability of the local station to request a different but 
common mode of communication. 

Unshielded Twisted Pair copper wire. 
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